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Abstract
Background: Supernumerary sex chromosome aneuploidies (SCA) are com-
mon genetic conditions characterized by additional X or Y chromosome, affect-
ing ~1/500 individuals, with the most frequent karyotypes of 47,XXY (Klinefelter 
syndrome), 47,XXX (Trisomy X), and 47,XYY (Jacob syndrome). Although there 
is considerable phenotypic variation among these diagnoses, these conditions are 
characterized by the presence of overlapping physical, medical, developmental, 
and psychological features. Our interdisciplinary clinic’s experience anecdo-
tally supports previous published findings of atopic conditions, feeding difficul-
ties, and gastroesophageal reflux to be more prevalent in SCAs (Bardsley et al., 
Journal of Pediatrics, 2013, 163, 1085; Samango-Sprouse et al., The Application of 
Clinical Genetics, 2019, 12, 191; Tartaglia et al., Acta Paediatrica, 2008, 100, 851). 
Furthermore, we observed that many of these patients have also been diagnosed 
with eosinophilic esophagitis (EoE), an association not currently reported in the 
literature.
Methods: We conducted a retrospective chart review of all 667 patients with SCA 
seen at a large tertiary care center to investigate the prevalence and presenting 
features of EoE.
Results: Four percent of children with SCAs had a biopsy-confirmed diagnosis of 
EoE, which represents an odds ratio of 32 (95% CI 6–185) when compared to the 
prevalence rates reported in the general population.
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1   |   INTRODUCTION

Supernumerary sex chromosome aneuploidies (SCA) are 
common genetic conditions characterized by additional 
X or Y chromosome, affecting ~1/500 live births collec-
tively, including the karyotypes 47,XXY (Klinefelter syn-
drome); 47,XXX (Trisomy X); 47,XYY (Jacob’s syndrome); 
48,XXXY and 48,XXYY. Despite the high prevalence of 
these conditions, the majority of individuals with SCAs 
remain undiagnosed within their lifetime (Abramsky & 
Chapple, 1997; Bojesen et al., 2003), with ascertainment 
during childhood heavily dependent upon the severity of 
clinical presentation leading to genetic evaluation. With 
cell-free fetal DNA (cffDNA) prenatal screening becoming 
an obstetric standard of care, infants are now being inci-
dentally identified (Gregg et al., 2016).

Although there is considerable phenotypic variation 
among these diagnoses, these conditions collectively are 
characterized by the presence of physical, medical, devel-
opmental, and psychological features. The eXtraordinarY 
Kids Clinic at Children’s Hospital Colorado is an inter-
disciplinary clinical and research program dedicated to 
addressing manifestations of SCAs from infancy to young 
adulthood. With over 650 individual clinical patients and 
hundreds more participating in research studies, we have 
observed higher than the expected rates of atopic condi-
tions, feeding difficulties, and gastroesophageal reflux, 
which is consistent with previous reports (Bardsley et al., 
2013; Samango-Sprouse et al., 2019). Furthermore, we 
observed that a higher than expected number of these pa-
tients have also been diagnosed with eosinophilic esophagi-
tis (EoE). EoE is an immune-mediated esophageal disease 
characterized by an increased number of eosinophils in 
the esophagus and symptoms of esophageal dysfunction 
(Furuta et al., 2007; Rothenberg, 2015). EoE was first recog-
nized as an independent clinical diagnosis in 1993, but the 
first clinical guidelines for EoE were not published until 
2007 (Furuta et al., 2007; Philpott et al., 2014; Rothenberg, 
2015). A diagnosis of EoE requires symptoms of esopha-
geal dysfunction and histological esophageal eosinophilia 
(≥15 eosinophils per high-power field) from a mucosal bi-
opsy obtained from upper intestinal endoscopy, with other 
causes of esophageal eosinophilia being ruled out (Dellon 
et al., 2018; Furuta et al., 2007; Rothenberg, 2015).

The incidence of EoE varies widely among geogra-
phies, with an average of seven new cases per 100,000 
persons per year (range: 1–20/100,000). Prevalence rates 
range between 13 and 49 cases per 100,000 persons, with 
pediatric populations ranging from 0.2 to 43 cases per 
100,000 persons (Iuliano et al., 2018; Lucendo et al., 2017). 
Several studies support increasing incidence rates of EoE 
overall, likely attributed to an increasing awareness of 
EoE and symptoms referred for evaluation (Dellon et al., 
2015; Giriens et al., 2015; Liacouras et al., 2005; Maradey-
Romero et al., 2015; Prasad et al., 2009; van Rhijn et al., 
2013; Shaheen et al., 2018; Syed et al., 2012; Warners et al., 
2018). EoE affects predominantly Caucasian males with a 
3:1 increased male prevalence. Although the reasons for 
this sex difference are not yet well understood, there is 
speculation of this male predilection associated with ge-
netic factors including single nucleotide polymorphisms 
(SNPs) in the thymic stromal lymphopoietin (TSLP) gene, 
the TSLP receptor gene, and estrogen-responsive gene ex-
pression differences in subjects with EoE (Sleiman et al., 
2014; Wheeler et al., 2019).

Presenting symptoms of EoE can differ greatly based 
on the age of the individual. Children with EoE typically 
have a history of feeding difficulty, vomiting, and abdom-
inal pain, while adolescents and adults are more likely 
to present with dysphagia and food impaction (Furuta & 
Katzka, 2015). Over time, individuals with EoE may adapt 
their eating habits and develop coping strategies to ame-
liorate some of these symptoms, such as drinking a lot of 
water while eating, taking a long time to eat, and using 
sauces during meal times to help lubricate food (Furuta 
& Katzka, 2015). These coping strategies may also mask 
the underlying problem, therefore a high index of suspi-
cion is needed to identify these behaviors and symptoms 
as EoE (Hirano & Furuta, 2020; Lee et al., 2018). In chil-
dren with developmental disabilities, such as those associ-
ated with SCAs, the non-specific symptoms of EoE may be 
even more likely to go unrecognized. Left untreated, EoE 
can progress to cause strictures in the esophagus or food 
impaction. Treatment of EoE can include eliminating po-
tential allergens from the diet, topical swallowed steroids, 
proton pump inhibitors, and endoscopic dilation of esoph-
ageal strictures if present. The goals of treatment of EoE 
aim to relieve symptoms, improve the histologic findings, 

Conclusion: Routine screening for EoE symptoms may be warranted for indi-
viduals with SCA and atopic conditions.

K E Y W O R D S

eosinophilic esophagitis, Klinefelter, sex chromosome aneuploidies



      |  3 of 12HOWELL et al.

and prevent further complications of EoE (Dellon et al., 
2018; Hirano & Furuta, 2020).

This study aims to quantify the prevalence of EoE 
among a clinical population of youth with SCA and de-
scribe the presenting symptoms in order to bring atten-
tion to (a) the co-existence of these conditions and (b) the 
importance of recognizing EoE symptoms early in this 
patient population to initiate appropriate referrals for di-
agnostic evaluation and treatment in an attempt to pre-
vent long-term complications of EoE.

2   |   MATERIALS AND METHODS

This is a retrospective study reviewing the electronic 
medical records of 667 clinical patients between the ages 
of 1  month and 30  years with confirmed SCA [47,XXX 
(n = 101); 47,XXY (n = 372); 47,XYY (n = 71); 48,XXXY 
(n = 14); 48,XXYY (n = 88); and other/mosaic (n = 21)] 
seen in the Children’s Hospital Colorado (CHCO) eX-
traordinarY Kids Clinic between 2005 and 2020. Medical 
records were searched for a diagnosis of or past medical 
history consistent with EoE and 46 cases were further 
reviewed to corroborate a confirmed diagnosis of EoE as 
defined by ≥15 eosinophils per high-power field on esoph-
ageal biopsy. Pathology reports and medical records were 
obtained from outside institutions if the EoE diagnosis 
was made outside of CHCO and were reviewed by a board-
certified pediatric gastroenterologist (NN). For those 29 
cases with a biopsy-confirmed diagnosis of EoE, clinical 
data including symptoms related to gastrointestinal dys-
function, co-existing atopic diseases, height and BMI at 
the time of EoE diagnosis, karyotype, reason for genetic 
testing, and developmental histories were abstracted from 
the medical record. This study was approved by the local 
institutional review board (COMIRB # 08-0513) and all 
parents provided written informed consent and patients 
provided assent, as age appropriate for inclusion of clini-
cal records in this research study.

The prevalence of EoE among clinical patients with 
SCA was obtained by dividing the total number of biopsy-
confirmed cases over the total number of patients seen 
during that time period. Records retrieved in the initial 
search from individuals with a clinical history consistent 
with EoE but did not meet criteria for a biopsy-confirmed 
diagnosis of EoE were excluded (n = 17). The prevalence 
of EoE in the SCA cohort was compared to previous re-
ports of EoE prevalence in the general pediatric popula-
tion with the Fisher’s exact test with relative risk and 95% 
confidence interval (CI) calculated with the Koopman 
asymptotic score method using Prism GraphPad v9.1.0 
for Mac GraphPad Software, www.graph​pad.com. For 
the most conservative estimate, we used the reported 

population prevalence in males in the United States (as 
high as 140 in 100,000; Dellon et al., 2014) as a conser-
vative comparison, recognizing the actual prevalence 
in an age-matched sample would likely be much lower. 
Measures of central tendency and variability were used to 
summarize the outcomes of interests. Due to variability in 
presenting symptoms by age, the cohort was stratified into 
younger children (1–9  years of age) and older children/
adults (>9 years of age) groups. For illustration purposes, 
select case reports were presented.

3   |   RESULTS

Summary data for patients with co-existing SCA and 
EoE are presented in Table 1 and patient-level data are 
available in Table S1. Twenty-nine patients (4.5%) with 
non-mosaic SCA and a confirmed diagnosis of EoE were 
identified (Figure 1). This conservatively represents a 
relative risk of EoE of 32 (95% CI 6–185) times greater in 
children with SCA than would be expected in the general 
population. The risk of EoE was significantly greater than 
expected in all SCA karyotypes (p < .006 for all). A higher 
proportion of patients with tetrasomy conditions had EoE 
(48,XXYY 8% and 48,XXXY 15%) compared to trisomy 
conditions (3%–6%; Fisher’s exact test p = .03).

Nine patients (31%) were prenatally diagnosed with 
SCA either due to advanced maternal age (n = 7) or ab-
normal ultrasound findings (n = 2). Twenty patients (69%) 
were diagnosed postnatally (median age: 7  years, range: 
13  months–17  years) with SCA, the majority of whom 
received genetic testing due to developmental delays, hy-
potonia, or specific physical exam findings suggesting hy-
pogonadism. The majority of patients had developmental 
delays affecting both motor and speech/language devel-
opment from mild to moderate severity, and almost half 
had a diagnosis of autism spectrum disorder (ASD). Two 
of the patients with ASD had very limited expressive lan-
guage. All 29 patients reported at least one atopic disease. 
Of the 23 patients with known food allergies, the average 
number of food allergies was to 5 different foods (range 
1–12 different food allergies) with the most common re-
ported food allergies being dairy products (15/23, 65%), 
eggs (9/23, 39%), peanuts (9/23, 39%), tree nuts (8/23, 
35%), and soy (6/23, 26%). Other food allergies that were 
reported included wheat, sesame, legumes, tomato, fish, 
and lentils, among others. Sleeping problems were also 
present in four of the cases at the time of EoE diagnosis.

The most common presenting symptoms leading to a 
diagnostic endoscopy are shown in Figure 2. Dysphagia 
and reflux were the most common presenting signs 
in both younger and older children. Younger children 
were more likely to present with feeding difficulties 

http://www.graphpad.com
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and gagging, whereas only children >10  years were 
presented with food impaction. While height did not 
seem to be impacted, eight patients (28%) had a body 
mass index (BMI) <5% ile at the time of EoE diagnosis. 
Symptoms were present for a median of 2 years prior to 
EoE diagnosis.

To highlight EoE histories and presentations, six 
cases are selected and described in Table 2. These six 
cases and their associated patient numbers correspond 
in Table S1, with additional information about each pa-
tient provided.

4   |   DISCUSSION

This is the first study to report the co-existence of EoE 
in individuals with SCA, with 4.5% of patients with SCA 

T A B L E  1   Patients with SCA and EoE (n = 29)

n (%) or median (IQR)

Karyotype

47,XXY 13 (45%)

47,XYY 4 (14%)

47,XXX 3 (10%)

48,XXYY 7 (24%)

48,XXXY 2 (7%)

Male sex 26 (90%)

Race/ethnicity

Non-Hispanic White 26 (90%)

Hispanic White 2 (7%)

Non-Hispanic Asian 1 (3%)

Gestational age (weeks) 40 (38–40)

Timing of SCA diagnosis

Prenatal 9 (31%)

Postnatal 20 (69%)

Neurodevelopmental phenotype

Normal/no diagnoses 4 (14%)

Autism spectrum disorder 14 (48%)

Developmental delay 25 (86%)

Intellectual disability 7 (24%)

Atopic conditions

Eczema 12 (41%)

Food allergies 23 (79%)

Environmental allergies 17 (59%)

Asthma 18 (62%)

EoE characteristics

Age of EoE diagnosis (yrs) 11 (5–15)

Delay in diagnosis (yrs) 2 (1–3)

Peak eosinophils/HPF at diagnosis 41 (27–92)

F I G U R E  1   SCA cases initially reviewed and confirmed with 
EoE by pathology report review

F I G U R E  2   EoE presenting symptoms stratified by age group
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T A B L E  2   Six Case Histories Demonstrating Variable Presentations of EoE in Patients with SCA

Patient 2 Patient 2 is a 14-year-old female with 47,XXX and had a complicated medical history. She was born full term at 6lbs 5oz 
and 18.5in by induced vaginal delivery. She had a long-standing history of failure to thrive (average BMI, 0.24% ile 
from age 5 to 10 years; prior BMI data not available). At 3 years of age, she started to experience abdominal pain, 
chest pain, and reflux. Her symptoms worsened with time to include chronic vomiting and dysphagia. She also had 
food allergies, environmental allergies, and eczema. At 6 years of age, an upper endoscopy was performed, with 
pathology showing 12 and 2 eos/HPF in the distal and proximal esophagus, respectively, which was not diagnostic 
for EoE. She started omeprazole (20 mg/day) following this initial endoscopy. Due to continuous and progressive 
GI symptoms, another upper endoscopy was performed at age 8, with pathology showing 110 eos/HPF in the distal 
esophagus, diagnostic for EoE. Following the diagnosis of EoE, she was continued on omeprazole and also started on 
swallowing topical corticosteroid, fluticasone 110 mcg, 2 puffs swallowed twice daily. She continued to avoid known 
IgE-mediated food allergies including dairy, egg, peanut, tree nut, fish, sesame, tomato, and soy. At age 12, she was 
evaluated by chromosomal microarray (CMA) for developmental delays, learning difficulties, ADHD, anxiety, and joint 
hypermobility, which identified non-mosaic 47,XXX.

Patient 4 Patient 4 is a 5-year-old male with 47,XYY identified prenatally by cell-free fetal DNA (cffDNA) screening due to advanced 
maternal age, confirmed postnatally by chromosomal microarray. He was born at 38 weeks and noted to have hypotonia, 
and motor delays led to initiation of physical therapy at 7 months of age. At 11 months of age, symptoms of gagging with 
stage 3 baby foods led to feeding evaluation and a diagnosis of delayed oral motor skills. Developmental evaluation at 
16 months of age led to diagnoses of global developmental delays and autism spectrum disorder (ASD), and feeding at 
that time included stage 2 and some stage 3 foods as well as ongoing bottle feeding. He had a febrile seizure at 22 months 
of age, after which he showed regression of feeding and began refusing purees or other foods beyond formula from 
the bottle. This improved slowly with feeding therapy until a lip requiring sutures at age 3 again led to a refusal of all 
feedings beyond bottle foods. He received various therapies including feeding, speech, occupational, physical, and autism 
behavioral therapies since prior to 2 years of age. He was seen by developmental pediatrics at age 4 years and 2 months 
and referred for additional feeding and gastroenterology (GI) evaluation due to poor weight gain and ongoing feeding 
problems. Communication at that time was limited with no use of words, occasional vocalizations, and a few signs. 
The feeding evaluation attributed his feeding difficulties to autism-related sensory issues and the GI evaluation was not 
pursued by parents at that time. At age 5 with ongoing feeding struggles, he was evaluated by GI in the GEDP clinic 
at the CHCO for refusal to eat solid foods and malnutrition (BMI 0.7% ile). An upper endoscopy was performed and 
pathology revealed 45 eos/HPF in both the proximal and distal esophagus; diagnostic for EoE. The endoscopy visually 
showed edema and exudate (collections of eosinophils). He started treatment by swallowing topical corticosteroids of 
oral viscous budesonide (0.5 mg twice daily). Treatment is ongoing with sustained feeding and developmental therapies, 
transition to elemental formula, and follow-up endoscopy pending.

Patient 7 Patient 7 is a 9-year-old male with 47,XYY syndrome diagnosed at 3 years of age by chromosomal microarray due to 
developmental delays and abnormal white matter hyperintensities on brain MRI. He was born full term, 5lbs 5oz and 
18.5in by spontaneous vaginal delivery. He has an atopic disease history of eczema, asthma, food allergies, and seasonal 
allergies. At 12 months of age, he had significant reflux and chronic vomiting, treated with high-dose PPI (omeprazole 
40 mg), yet symptoms persisted. At 3 years of age he was evaluated with an upper endoscopy, and pathology revealed 90 
and 35 eos/HPF in the distal and proximal esophagus, respectively; diagnostic for EoE. Visually, the endoscopy showed 
exudate and edema. He started swallowing topical corticosteroid, fluticasone (44 mcg, 2 puffs swallowed twice daily). Six 
months after starting treatment for EoE, his symptoms of reflux and vomiting had resolved.

Patient 13 Patient 13 is a 14-year-old male with 47,XXY syndrome diagnosed prenatally by amniocentesis secondary to increased 
nuchal translucency on fetal ultrasound, as well as postnatal confirmatory karyotype. He was born at 39 weeks by 
spontaneous vaginal delivery, weighing 5lbs 4oz. He was presented in the GI clinic at 10 years of age due to dysphagia. 
At the time he had a history of seasonal allergies and poor weight gain, with a low BMI (3rd percentile; prior BMI data 
not available). History during this initial GI evaluation revealed that he had always been a slow eater, drank a lot of 
liquids during mealtime, and frequently used sauces with most foods. In addition, he had presented to the emergency 
department on two separate occasions due to feelings of food stuck in his esophagus (food impactions that both resolved 
without endoscopic intervention). After this evaluation, he underwent an upper GI series to assess for esophageal 
stricture which showed mild narrowing of the proximal third of the esophagus with mucosal irregularities seen. He 
then started omeprazole (40 mg) with a plan to undergo an upper endoscopy. However, the family did not follow-up for 
2.5 years. At 13 years of age, he returned to care and underwent an upper endoscopy, with pathology showing 130 and 47 
eos/HPF in the distal and proximal esophagus, respectively; diagnostic for EoE. His visual endoscopy findings included 
edema, exudate, and linear furrows. After the endoscopy, he started swallowing topical corticosteroids, fluticasone 
(110 mcg, 2 puffs swallowed twice daily), for treatment of EoE and continued taking omeprazole (40 mg), and symptoms 
of dysphagia resolved.

(Continues)
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found to have EoE. While the true prevalence of EoE 
among individuals with SCA will require additional pro-
spective research, this suggests a much higher risk than 
would be expected in the general pediatric population. 
Furthermore, due to the developmental features in SCA, 
symptoms of EoE may go unrecognized. However, the 
presenting features, association with other atopic condi-
tions, and predominance of non-Hispanic White males 
are similar to what has been reported for pediatric EoE 
in general. Based on our findings in this study, children 
with SCAs who have at least one atopic condition should 
be specifically screened for age-appropriate symptoms of 
EoE and if symptoms are present, referred to a pediatric 
gastroenterologist.

Studies evaluating the clinical presentations of EoE in 
children and adults have shown that younger children are 
more likely to present with feeding difficulties, gagging, 
nausea, vomiting, failure to thrive, and abdominal pain; 
while teenagers and adults are more likely to present with 
dysphagia and food impactions (Falk, 2014; Liacouras 
et al., 2014). Our findings are largely similar with the 
exception that 54% (7/13) of the children <9  years also 
had a history of dysphagia, a symptom more commonly 
thought to occur in older patients. The dysphagia identi-
fied in the SCA population could be attributed to various 
factors, including comorbidities in SCA that may make 
dysphagia more evident or potentially a delay in diagno-
sis leading to more severe disease. Low oral motor tone, 
a common finding in SCAs, can contribute to swallowing 
difficulties, therefore it is possible dysphagia may pres-
ent earlier in the setting of EoE. Other developmental 

and social-emotional delays may limit the child’s ability 
to exercise coping strategies described above leading to 
symptomatic dysphagia sooner. Although these reasons 
are speculative, dysphagia in an individual with SCA of 
any age should prompt the evaluation for EoE. In addi-
tion, poor weight gain, feeding difficulties, and reflux 
were commonly identified in our SCA cohort, therefore 
clinicians and families should consider gastroenterology 
evaluation in these settings. Screening tools such as the 
Pediatric Eosinophilic Esophagitis Symptom Severity 
Module, Version 2.0 (PEESS V2.0), is a validated instru-
ment for assessing symptoms of EoE over time and can be 
used for patients with SCA (Franciosi et al., 2011; Martin 
et al., 2015).

In addition to presenting symptoms, several children 
adopted specific coping strategies surrounding eating in 
order to alleviate EoE symptoms and discomfort, a finding 
previously described by others (Furuta & Katzka, 2015; 
Iuliano et al., 2018). The history from Patient 12  high-
lights behaviors consistent with common coping strategies 
when EoE is present, including eating slowly, drinking ex-
cess water during mealtimes, and using sauces. Although 
the symptoms may be masked with these coping strate-
gies, the underlying esophageal disease persists poten-
tially resulting in progressive symptoms, food impaction, 
and/or esophageal strictures. One study found that 85% 
of adults who had untreated EoE symptoms for 20 years 
eventually experienced an esophageal stricture (Schoepfer 
et al., 2013). Therefore, a high index of clinical suspicion 
is necessary for recognition of sometimes subtle symp-
toms or coping habits that children with EoE may display. 

Patient 16 Patient 16 is a 9-year-old male with 48,XXYY syndrome diagnosed at 5 years of age by chromosomal microarray ordered 
due to developmental delays. He was born full term at 8lbs 4oz. At 12 months of age, he was noted to have reflux and 
episodes of spitting up blood. It is unclear if he underwent further evaluation for these symptoms at that age, but these 
symptoms resolved over time without intervention. At age 8, he was evaluated by the GEDP at CHCO for concerns of 
dysphagia and behaviors of self-pounding on his chest when eating; symptoms which began around 7 years of age. Upon 
further history, he was noted to always be a slow eater, drink excessive amounts of water during mealtime, and use 
sauces liberally to lubricate his foods. He also had a history of significant atopic disease including, eczema, asthma, food 
allergies, and seasonal allergies. Due to suspicion of EoE, an upper endoscopy was performed and pathology showed 16 
and 18 eos/HPF in the distal and proximal esophagus, respectively; diagnostic for EoE. His visual endoscopic findings 
included exudate (collections of eosinophils) and edema. After he was diagnosed with EoE, he started omeprazole 
(40 mg) daily and eliminated dairy from his diet, with improved symptoms.

Patient 19 Patient 19 is a 24-year-old male diagnosed with 48,XXYY at 22 months of age by karyotype ordered due to significant 
developmental delays and hypotonia. He was born full term at 6lbs 3oz and 20in. He has atopic diagnoses including, 
asthma, food allergies, and seasonal allergies. At age 16, he was evaluated by GI due to dysphagia, abdominal pain, and 
an unexplained 15 pound weight loss in the prior 6 month period. He started omeprazole (30 mg, twice daily) without 
relief of GI symptoms. At age 17, he underwent upper endoscopy due to dysphagia with food impactions. Pathology 
demonstrated 68 and 103 eos/HPF in the distal and proximal esophagus, respectively; diagnostic for EoE. In addition, 
pathology identified candida esophagitis, unrelated to his diagnosis of EoE. He started on a 21-day treatment for the 
candida esophagitis as well as lansoprazole (30 mg twice daily). A repeat upper endoscopy, at age 18, showed persistent 
eosinophils as well as persistent candida esophagitis, which was treated again. He remains on lansoprazole (30 mg, twice 
daily), but has not returned for a follow-up appointment in GI for further assessment of his EoE at this time.

T A B L E  2   (Continued)
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Children in this study had symptoms for a median of 
2 years, with one having symptoms for 12 years prior to 
diagnosis. By identifying a diagnosis of EoE early, medical 
management can be guided to halt progression of wors-
ening symptoms such as esophageal strictures, improve 
quality of life, and provide answers to the patient and their 
families for their persistent gastrointestinal symptoms.

While EoE is currently thought to be caused by a com-
bination of environmental and genetic factors, food an-
tigens are currently thought to be the most likely cause 
of the pathogenesis of EoE (Dellon et al., 2018; Furuta & 
Katzka, 2015; Philpott et al., 2014). Atopic disease, such 
as food and environmental allergies, asthma, and eczema, 
are commonly associated with EoE (Lucendo et al., 2017). 
One study concluded that about 63% of all patients with 
EoE have at least one atopic diagnosis, while only 3% have 
all four atopic diagnoses (Benninger et al., 2017). Some 
additional environmental factors that have been found 
to increase an individual’s risk for EoE include living in 
arid/temperate environments, early exposure to certain 
food antigens, breastfeeding, antibiotic use in infancy, and 
preterm birth (Philpott et al., 2014). Individuals with SCA 
have an increased risk for atopic disease, such as asthma, 
food allergies, and seasonal allergies (Tartaglia et al., 2008, 
2011). All 29 patients in this chart review had at least one 
atopic disease, and many with multiple atopies (3 atopic 
diagnoses in 13/29; 4 atopic diagnoses in 3/29), suggesting 
even higher rates of atopy than anticipated from the EoE 
literature alone. This finding could be attributed to culmi-
nating factors including individuals with SCA already at 
higher risk for atopic diagnoses, an ascertainment bias, or 
possibly suggest an underlying etiology to link these find-
ings. Given the universal finding of atopy in the patients 
with SCA and EoE in this cohort, we strongly recommend 
screening for EoE symptoms among children with SCA 
and atopic disease.

In addition to atopy, neurodevelopmental disabilities 
were present in the majority of our children in this se-
ries, including 14 (48%) who had a confirmed diagnosis of 
ASD, 2 of whom were nonverbal. SCAs are associated with 
a higher prevalence of developmental delays and ASD, so 
this is not surprising in and of itself, however neurode-
velopmental concerns can further complicate the clinical 
picture of EoE. The relationship between EoE and ASD 
has been described before, with the prevalence of ASD 
among children with EoE as high as 7.5%, and children 
with ASD seeming to have a higher prevalence of EoE 
than expected as well (Capucilli et al., 2018; Heifert et al., 
2016). In this context, these children may develop adverse 
eating behaviors secondary to EoE-associated discomfort, 
especially in lower functioning children who cannot com-
municate their symptoms or utilize coping mechanisms. 
Furthermore, presenting symptoms of EoE such as food 

refusal, gagging, or somatic symptoms, may be inadver-
tently attributed to ASD-  or SCA-associated symptoms 
such as oral sensitivities, delayed oral motor skills, ex-
treme food selectivity, ritualistic eating behaviors, or dif-
ficulties with communication rather than considering GI 
pathology. In these settings, EoE symptoms may be exac-
erbated to episodes of dysphagia before coming to clinical 
attention. In the setting of neurodevelopmental disabili-
ties, it seems likely that the risk of missing the diagnosis 
of EoE is higher than for neurotypical children, although 
additional research is still needed in this area.

The current understanding of the pathophysiology 
of EoE includes possible genetic factors that influence 
an individual’s risk for developing EoE. Information 
about the genetics of EoE includes altered esophageal 
epithelial expression of estrogen receptors (ERs) and 
estrogen-responsive genes as well as sex-independent 
disease-associated single nucleotide polymorphisms 
(SNPs). Esophageal epithelium differential expression 
of ER genes, ESR1 (Estrogen Receptor 1) gene (OMIM 
133430) and ESR2 (Estrogen Receptor 2) gene (OMIM 
601663), coupled with altered expression of other 
estrogen-responsive genes, is proposed to protect fe-
males against the development of EoE due to estrogen 
hormone signaling pathways and suppression of IL-
13-induced esophageal epithelial barrier dysfunction, 
thereby contributing to male propensity of EoE presen-
tation (Wheeler et al., 2019). Disease-associated SNPs 
are thought to disrupt immune pathways, leading to a 
recruitment of eosinophils to the esophagus, causing in-
flammation, and the other visual esophageal findings in 
EoE (Kottyan et al., 2020; Kottyan & Rothenberg, 2017; 
Rothenberg, 2015). While the male predilection for 
EoE is likely multifactorial, the suspected and possibly 
associated SNPs are in the thymic stromal lymphopoi-
etin (TSLP) gene (OMIM 607003) and the TSLP recep-
tor gene (CRLF2, cytokine receptor-like factor 2 gene, 
OMIM 300357 and OMIM 400023 for Y-linked). It is im-
portant to note that the TSLP receptor gene is located in 
the pseudoautosomal region of Xp22.3/Yp11.3 (Sherrill 
et al., 2010), in which all SCA cases in this chart review 
would likely overexpress these genes as the pseudoau-
tosomal regions escape X-inactivation. This overex-
pression of pseudoautosomal region genes, including 
the TSLP receptor gene, could possibly have epigenetic 
impacts and may contribute to the development of EoE 
in both male and female SCA patients. In a 2020 study 
by Kottyan et al, 31 reported independent EoE risk loci 
were identified to be primarily located either between 
genes or within gene introns, and only 3 of 31 loci re-
sulted in an amino acid change, suggesting genetic risk 
to be derived from changes in DNA regulatory activity 
leading to a genotype-dependent expression. While it is 
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important to note that no risk loci were located on the 
X nor Y chromosome, the risk variants identified within 
genes are suggested to have allele-specific expression 
(e.g., TSLP gene) that may influence the physiology of 
epithelial cells in the esophagus, predisposing to the 
development of EoE (Kottyan et al., 2020). Future re-
search should evaluate gene expression profiles of ERs 
and estrogen-responsive genes in SCA patients as well 
as SNPs within the TSLP receptor gene and other genes 
on the sex chromosomes that may provide generalizable 
information for the etiology of EoE and contribution to 
the sex differences observed (Wheeler et al., 2019).

In addition to some of the known immune-related 
SNPs and genes that may influence EoE risk, there are 
also a number of described genetic syndromes that show 
an increased prevalence of EoE compared to the general 
population. For example, an individual with a connec-
tive tissue disorder (CTD), such as, Ehlers–Danlos syn-
drome, Marfan syndrome, or Loeys–Dietz syndrome, has 
an eight-fold increased risk of EoE when compared to 
individuals without a CTD (Philpott et al., 2014). Studies 
looking at twins with EoE have found that there is a 40% 
concordance between monozygotic twins and a 30% con-
cordance between dizygotic twins, which is about 10-fold 
higher than non-twin siblings (Rothenberg, 2015). These 
studies demonstrate that there are some genetic factors 
that play a role in the pathophysiology of EoE, but more 
so, environmental exposures seem to be the driving fac-
tor of concordance (Rothenberg, 2015). Further research 
is needed to better understand if individuals with these 
syndromes, including SCAs, represent a more vulnerable 
population for exposures to contributing environmental 
factors versus genetic/epigenetic impact leading to risks 
for developing EoE.

Strengths of this study include a relatively large clin-
ical cohort of over 650 individuals with SCA, confirma-
tion of the EoE diagnosis from examination of pathology 
reports, and availability of a detailed clinical history for 
confirmed cases. Furthermore, although we did not 
have a control group, we assumed the highest reported 
prevalence of EoE in the general population, therefore 
biasing toward a type II error. Limitations of this retro-
spective report include the relatively small total number 
of confirmed EoE cases (n = 29), patient sampling bias 
from a specialty clinic with potential overrepresenta-
tion of severity, the inability to accurately identify the 
specific age of onset of EoE symptoms for all patients, 
and potential bias imbedded within retrospective chart 
reviews, including the potential for omitted or inaccu-
rate data. Furthermore, there was variability in clinical 
approach to GI symptoms throughout the study pe-
riod, as EoE screening questions and GI referrals to the 
GEDP increased as the high frequency of EoE diagnosis 

was recognized. Despite these limitations, the recogni-
tion of a probable association between SCA and EoE 
is an important contribution to the current literature. 
Additional research is needed to understand the true 
prevalence, natural history, and etiology of EoE in the 
SCA population.

The findings of this chart review demonstrate the im-
portance for the community affected by SCA conditions 
to have an increased awareness of the variable presenta-
tions of eosinophilic esophagitis (including coping strat-
egies), especially among different age groups and in the 
context of neurodevelopmental problems, the need for 
specific screening for EoE symptoms, and referral to GI 
for evaluation and treatment. Such clinical knowledge 
and action can facilitate diagnosing EoE as early as pos-
sible and improve quality of life, symptom management, 
and limit progression of severity for patients. Appendix 
A provides a printable handout that can be distributed 
to families of patients with SCA as a source of informa-
tion regarding EoE.
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APPENDIX A

Eosinophilic Esophagitis (EoE) in Patients with Sex 
Chromosome Aneuploidies (SCA)

Sex chromosome aneuploidy (SCA)
→What is it?

Typically, humans have 46 chromosomes in total. The 
only difference between a male’s and a female’s chro-
mosomes is their sex chromosomes (X and Y). Females 
have two X chromosomes (46,XX), while males have an 
X and an Y chromosomes (46,XY). A sex chromosome 
aneuploidy means that a person has an atypical number 
of sex chromosomes. Depending on the type of SCA, an 
individual can have too many or too few. The prevalence 
of SCA is about 1/500 children, with Klinefelter syndrome 
(47,XXY) being the most common.

→How is it diagnosed?
More commonly today, many individuals with SCA are 

being identified in the prenatal period. Non-invasive pre-
natal screening (NIPS) now allows a baby’s chromosomes 
to be studied before they are born thorough a maternal 
blood sample. Some pregnancies are then tested by chori-
onic villus sampling (CVS) or amniocentesis to make a di-
agnosis. However, many cases of SCA are diagnosed later, 
when an individual starts to experience symptoms, which 
prompt testing, such as developmental concerns in child-
hood, or infertility in adulthood. The diagnosis of SCA is 
made by a blood test called a karyotype or a chromosomal 
microarray (CMA).

→What are some findings in SCA?
Each type of SCA is different from another. The most 

common symptoms of SCAs may include developmental 
delays, learning disabilities, social/emotional problems, 
tall stature, as well as hypogonadism and infertility in males 
with extra X chromosomes, such as 47,XXY. Individuals 
with SCA can also experience symptoms such as feeding 
difficulties, reflux, and abdominal pain. However, SCAs 
are highly variable and many individuals who do not ex-
perience any symptoms may go undiagnosed.

→Recent study of individuals with SCA?
A recent study performed at the eXtraordinarY Kids 

Clinic at Children’s Hospital Colorado reported 19 out of 
619 (3%) individuals with a diagnosis of SCA and eosino-
philic esophagitis (EoE).

Eosinophilic  Esophagitis  (EoE)
→What is it?

Eosinophilic esophagitis (EoE) is a rare immune-
mediated esophageal disease characterized by an 

abnormal collection of eosinophils throughout the es-
ophagus. An eosinophil is a type of white blood cell that 
commonly responds to infection or allergic reaction. In 
the case of EoE, the eosinophils are thought to be driven 
by certain foods.

→What are the symptoms of EoE?
The most common symptoms of EoE are listed below. 

Interestingly, these symptoms can differ greatly depend-
ing on the age of the individual. For example, young chil-
dren are more likely to experience reflux and vomiting, 
while teenagers and adults are more likely to experience 
swallowing difficulties (dysphagia) and food impaction.

Most common symptoms

Young children (ages 
1–9 years)

Older children (ages 
10–18 years)

Reflux Dysphagia (swallowing 
difficulties)

Vomiting Food impaction

Dysphagia (swallowing 
difficulties)

Weight loss

Failure to thrive Chronic abdominal pain

Chronic abdominal pain

Chest pains

Feeding difficulties

Gagging

Sleep issues

→Other common findings in EoE?
Other clinical findings commonly reported in individu-

als with EoE include diagnosed atopies, such as food al-
lergies, seasonal allergies, asthma, and eczema. As shown 
below, individuals with SCA and EoE in the recent study 
performed at the eXtraordinarY Kids Clinic at Children’s 
Hospital Colorado were also found to experience many of 
these atopies. This study found the most common food al-
lergies in these individuals included milk, soy, egg, and 
peanuts/tree nuts.

Atopy diagnoses in SCA and EoE

Food allergies 79%

Asthma 62%

Seasonal allergies 59%

Eczema 41%

→Individual coping strategies?
Individuals with EoE, especially children, are known to 

develop somewhat specific coping strategies surrounding 
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eating in order to alleviate their chronic GI symptoms. 
The most common coping strategies include drinking a lot 
of water during mealtimes, eating slowly, chewing foods 
for long periods of time, avoiding certain types of foods, 
and using excess amounts of sauces, such as ketchup or 
BBQ sauce. These coping strategies can help to improve 
an individual’s symptoms, which can make the diagnosis 
more difficult to make.

→How is EoE diagnosed?
EoE is diagnosed from a procedure called an upper en-

doscopy, which takes a biopsy of the esophagus. This bi-
opsy is then studied under a microscope and the number 
of eosinophils are counted. If there are ≥15 eosinophils 
present in a specific size area of the esophagus tissue biop-
sied, a diagnosis of EoE is made.

→How is EoE treated?
EoE is commonly treated in three ways: diet, medica-

tions, and sometimes surgical intervention. EoE symp-
toms may improve by eliminating certain foods that may 
be triggering the eosinophil immune response. For ex-
ample, the six food elimination diet (avoiding milk, egg, 
soy, wheat, peanuts/tree nuts, and seafood) could help to 
reduce symptoms. The use of acid blocking medications 
(proton pump inhibitors, PPI) and/or swallowed topical 
corticosteroids can also reduce the number of eosinophils 
and help to improve symptoms. Lastly, individuals with 

EoE can sometimes experience a narrowing of their es-
ophagus, called a stricture, which may improve from a 
surgical procedure to dilate the esophagus.

→Suspecting the diagnosis?
EoE should be considered when an individual is experi-

encing any of the common symptoms, such as swallowing 
difficulties, chronic vomiting, and food impaction, espe-
cially when any number of the atopy symptoms is also 
present. It is important to ask about possible EoE and be 
aware of the different coping strategies that are sometimes 
used to help an individual reduce his/her GI symptoms. If 
a child is consistently using coping strategies during meal-
times, struggles from any described GI symptoms, and has 
atopy diagnoses, consider talking with the doctor about an 
evaluation for EoE.

→What to do next?
If you are a parent and are suspicious of EoE in your 

child, consider talking to your child’s primary care phy-
sician about your concerns. A child who is experiencing 
symptoms of EoE or who has unique mealtime coping 
habits should be considered for a referral and evaluation 
by a gastroenterologist (GI doctor). A GI doctor can evalu-
ate for possible underlying causes of these symptoms and 
help to address your concerns. A gastroenterologist may 
want to perform an upper endoscopy to biopsy the esoph-
agus in order to determine if EoE is present.


